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Total elbow arthroplasty system
Abstract
A total elbow arthroplasty system, incorporating a humeral component, a radial component and a ball
component, may be used as a total elbow replacement in the canine, as well as in other species. The implant of
the present invention has an isometric humeral component and an isometric radial component. An isometric
ball component having an isometric articular surface is mounted on the radial component. The humeral and
radial components have stems for mounting in the medullary canals of the respective bones, which are angled
so as to approximate the configuration of the original humerus and radius. The components work together to
form a nonconstrained ball and socket joint. The invention is also directed to methods for implanting the
novel endoprosthesis of the present invention in a canine elbow joint. The apparatus and methods of the
present invention are useful in the treatment of elbow osteoarthritis in canines, as well as in other species,
including other quadrupeds and humans.
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TOTAL ELBOW ARTHROPLASTY SYSTEM 
CROSS REFERENCE TO RELATED 
APPLICATIONS 
This application claims the bene?t of US. Provisional 
Patent Application Serial No. 60/137,514, ?led Jun. 2, 1999 
and entitled “Total ElboW Arthroplasty System” and is a 
continuation-in-part 0 US. patent application Ser. No. 
09/207,689, ?led Dec. 9, 1998 now US. Pat. No. 6,162,253 
and entitled “Total ElboW Arthroplasty System.” 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a novel total elboW 
arthroplasty system. In particular, the present invention is 
directed to a total elboW implant incorporating a ball and 
socket joint, and methods for total elboW replacement. The 
apparatus and methods of the present invention are useful in 
the treatment of elboW osteoarthritis in canines, as Well as in 
other species, including other quadrupeds and humans. 
2. Description of the Background 
ElboW osteoarthritis is the most common orthopedic 
problem of the front leg encountered by the small animal 
practitioner and veterinary surgeon. (Johnson J. A., et al., 
V.C.O.T. 7:56—69, 1994.) The etiology of elboW osteoarthri 
tis (OA) is multifactorial, involving developmental condi 
tions such as fragmentation of the medial coronoid process. 
osteochondrosis, asynchronous groWth betWeen the radius 
and ulna, ununited anconeal process, trauma and idiopathic 
causes. (Johnson J. A., et al., V.C.O.T. 7:56—69, 1994; 
Huibregtse B. A., et al., JAAHA 30:190—5, 1994.) The 
disease is frequently complicated by an early age of onset 
and patients that are bilaterally affected. (Huibregtse B. A., 
et al., JAAHA 30:190—5, 1994.) Medical (nonsteroidal anti 
in?ammatories and polysulfated glycosaminoglycans) and/ 
or surgical management of these conditions frequently leads 
to unsatisfactory results. Huibregtse et al. provide evidence 
that less than 50% of dogs treated medically and less than 
60% of those treated surgically for fragmentation of the 
medial coronoid process had long-term successful recover 
ies. (Huibregtse B. A., et al., JAAHA 30:190—5, 1994.) 
Bouck et al. provided more objective data using force plate 
gait analysis and documented that lameness did not signi? 
cantly improve from pretreatment status folloWing medical 
or surgical therapy. (Bouck G. R., et al., V.C.O.T. 8:177—83, 
1995 
Improvements in implant designs and surgical techniques 
have made total elboW arthroplasty a satisfactory treatment 
for arthritic disorders of the elboW in man. (Kraay M. J ., et 
al., J Bone Joint Surg [Br] 76-b:636—40,1994.) In two 
separate evaluations, 91% of total elboW arthroplasty cases 
had long-term eXcellent outcomes. (Morrey B. E, et al., J 
Bone Joint Surg [Br] 77-B:67—72, 1995.) (Morrey B. F., et 
al., J Bone Joint Surg 74-A:479—90, 1992.) Total 
elboW arthroplasty has been successfully used in man in 
cases of in?ammatory arthritis, osteoarthritis, humeral non 
union and erosive arthritis. (Kraay M. J ., et al., J Bone Joint 
Surg [Br] 76-b:636—40, 1994.) (Morrey B. F., et al., J Bone 
Joint Surg [Br] 77-B:67-72, 1995.) (Morrey B. F., et al., J 
Bone Joint Surg 74-A:479—90, 1992.) 
Although a reliable canine total elboW replacement has 
not previously been commercially available, total joint 
arthroplasty has been used in the hind limb of dogs. 
Speci?cally, total hip arthroplasty for OA is used in dogs 
With much success; 95% of dogs have a satisfactory out 
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2 
come folloWing total hip replacement. (Olmstead M. L., 
JAAHA31:109—24, 1995 Canine total hip arthroplasty has 
been a multimillion dollar business in the U. S., Europe, and 
Japan for the last decade. Veterinarians and pet oWners 
accept total joint replacement technology and the cost nec 
essary to make it effective in the dog. The need for canine 
total elboW arthroplasty parallels that of canine total hip 
arthroplasty. In addition, many advances in human total knee 
arthroplasty are linked to successful research using canine 
models. (Sumner D. R., et al., J Biomechanics 27:929—39, 
1994.) 
Technology and designs available for human total elboW 
arthroplasty, although helpful, cannot be directly applied to 
dogs because of signi?cant anatomical and economical 
differences. Dogs are quadrupeds and their forelimbs are 
Weight bearing; current total elboW implants used in humans 
are not designed to Withstand the cyclic loading that Would 
occur if used in a dog. In addition, canine bones have more 
contour than human bones and have increased variability in 
siZe and shape. 
Total elboW arthroplasty in the dog is not commercially 
available. There have been a number of unsuccessful 
attempts in the dog. A research group at the University of 
California at Davis led by Dr. Philip B. Vasseur devised a 
canine total elboW replacement system in 1995. The elboW 
replacement system Was not studied in vivo before use in 
three client-oWned dogs With naturally occurring elboW 
arthritis. 
The system designed by Vasseur’s group used multiple 
components: a humeral component, a radial component 
(composed of a radial tray and a radial insert), and an ulnar 
component. The ulnar and humeral components articulated 
in a nonconstrained fashion. The ulnar component loosely ?t 
into the humeral component. The radial component articu 
lated With both the humeral and ulnar components in an 
unconstrained manner. All three implants Were designed and 
used for cemented ?Xation. All three components Were 
non-isometric, or designed speci?cally for use in either the 
left or right limb. 
Each of the three cases had an unsatisfactory result 
folloWing total joint replacement because of implant failure. 
The research project Was terminated (personal communica 
tion With Dr. Vasseur on October 1996. Malarticulation and 
loosening of the components led to decreased range of 
motion, in?ammation and joint pain. 
Another veterinary practitioner located in Lakeport, 
Calif., Ralph LeWis, has also designed and performed total 
elboW arthroplasty. The LeWis system is a constrained or 
hinged system Which includes a humeral component, radial 
component, a Wrist pin screW and a locking screW. In order 
to install the implant, an osteotomy of the lateral epicondyle 
of the humerus and the proXimal ulna are necessary. These 
osteotomies require repair With bone plates after the 
implants are installed (LeWis, R. H., “Development of Total 
ElboW Arthroplasty (Canine) Clinical Trials,” Proceedings 
from the éthAnnualACVS Symposium, San Francisco, Calif, 
October 1996, p.110). 
In addition to requiring removal of a substantial amount 
of bone and subsequent bone repair, this system is also 
undesirable because the components are fully constrained 
(i.e., hinged). When constrained systems are loaded, the 
majority of the stress is shifted to the implant-cement or 
implant-bone interface. Constrained systems typically 
loosen at these stressed interfaces and thus have a much 
shorter lifespan than unconstrained or semiconstrained sys 
tems. This leads to implant failure. 
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There is therefore a need for a canine total elbow replace 
ment that provides a pain free joint Which approximates 
normal range of motion. 
SUMMARY OF THE INVENTION 
The present invention overcomes the problems and dis 
advantages associated With current strategies and designs, 
and provides a total elbow replacement useful in the treat 
ment of canine elboW arthritis. 
The present invention incorporates the advantages of 
nonconstrained articulation and isometry of all components 
(no left or right). The present invention provides a 
nonconstrained, modular, total elboW, designed for implan 
tation on the humerus and radius. 
Accordingly, one embodiment of the invention is directed 
to an elboW endoprosthesis for use in a patient, such as a 
canine. The endoprosthesis comprises a humeral 
component, a radial component and a ball component. The 
ball component articulates With a socket in the humeral 
component and is designed or adapted to be mounted on the 
engagement portion of the radial component. The humeral 
component has a condylar or body portion and a stem 
portion. The condylar portion is adapted to be received in a 
resected portion of a distal humerus betWeen the medial and 
lateral aspects of the humeral condyles of the patient. The 
condylar portion has an isometric articulating surface at its 
distal end comprising a concave surface or socket designed 
to match the pro?le of the ball component. The humeral stem 
portion is attached to the proXimal end of the condylar 
portion and is adapted to be received in the medullary canal 
of the distal humeral shaft of the patient. The humeral stem 
portion preferably has a longitudinal aXis Which is angled 
cranially With respect to the condylar portion so that the 
condylar portion and stem portion approXimate the original 
angle betWeen the humeral condyle and the humeral shaft of 
the patient. 
The radial component comprises a body portion, a stem 
portion that is blended into the body portion, and an engage 
ment portion. The engagement portion is attached to the 
proXimal face and preferably comprises a radial neck por 
tion. The body portion has a proXimal face and a distal face. 
The stem portion is attached to the distal face, and is adapted 
to be received in the medullary canal of the proXimal radial 
shaft of the patient. The body portion of the radial compo 
nent rests on the surface of the cut bone of the radius, but 
preferably does not rest on the ulna. The body portion is 
preferably blended into the neck portion that angles toWards 
the center of rotation of the original elboW joint. The neck 
portion has a tapered ?are (i.e., it is tapered so that the base 
is Wider than the tip). This feature alloWs for a press ?t 
?xation With the ball component. 
The ball component is spherical and matches the inside 
dimensions of the articular surface of the humeral compo 
nent. Speci?cally, the ball component comprises a spherical 
articular surface for articulation With the concave socket of 
the humeral component, thereby forming a ball and socket 
joint. 
Another embodiment of the invention is directed to an 
elboW endoprosthesis for replacing an elboW comprising a 
ball and socket joint. 
The present invention is also directed to methods of 
implanting the elboW endoprosthesis of the present inven 
tion. The system and methods disclosed herein have clinical 
usefulness in veterinary medicine for the treatment of elboW 
arthritis. They are also useful for designing a live animal 
model for the study of implantology in human medicine, 
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such as bioactive cement, porous ingroWth, hormone stimu 
lation of bone ingroWth and aseptic loosening. 
One such method for implanting an elboW endoprosthesis 
in an elboW joint comprises the steps of removing the 
trochlea of the humerus, removing the articular surface of 
the radius (i.e., the radial head) and cancellous bone from the 
proXimal medullary canal of the radius, and, in any order, 
implanting a humeral component into the medullary canal of 
the humerus, and implanting a radial component into the 
medullary canal of the radius. Optionally, the articular 
surface of the ulna may also be removed before implanting 
the radial component. 
Preferably, the radial component is adapted to receive a 
ball component thereon and the humeral component has a 
concave socket articulating surface for articulating With the 
ball component. The ball component may be mounted on the 
radial component before or after the radial component is 
inserted into the medullary canal of the radius. Alternately, 
the ball component and radial component may be manufac 
tured as a single integral piece. 
Another embodiment of the invention is directed to a 
method of replacing a quadruped’s elboW comprising 
removing the humeral trochlea and articular surface of the 
radius of the quadruped’s elboW joint and af?Xing a ball and 
socket endoprosthetic joint in place of the removed tissue. 
Other embodiments and advantages of the invention are 
set forth, in part, in the description Which folloWs, and, in 
part, Will be obvious from this description and may be 
learned from the practice of the invention. 
DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an oblique perspective vieW of a preferred 
embodiment of the humeral component of the present inven 
tion. 
FIG. 2 is a front or cranial vieW of the humeral component 
depicted in FIG. 1 
FIG. 3 is a lateral vieW of the humeral component 
depicted in FIG. 1. 
FIG. 4 is a bottom vieW of the humeral component 
depicted in FIG. 1. 
FIG. 4a shoWs a detail of a groove in the humeral 
component. 
FIG. 5 is an oblique perspective vieW of a preferred 
embodiment of the radial component of the present inven 
tion. 
FIG. 6 is a front or cranial vieW of the radial component 
depicted in FIG. 5. 
FIG. 7 is a lateral vieW of the radial component depicted 
in FIG. 5. 
FIG. 8 is a bottom vieW of the radial component depicted 
in FIG. 5. 
FIG. 9 is a front or cranial vieW of a preferred embodi 
ment of the ball component of the present invention. 
FIG. 10 is a bottom vieW of the ball component depicted 
in FIG. 9. 
FIG. 11 a—d are perspective vieWs of the humeral, radial 
and ball components in articulating engagement With each 
other. 
FIG. 12 is a caudal vieW of a left canine humerus With an 
intramedullary nail. 
FIG. 13 is a caudal vieW of a canine humerus With the 
humeral cutting guide for use on the left elboW mounted on 
the intramedullary nail. 
FIG. 14 is a dorsocaudal vieW of the humerus With the 
cutting guide mounted on the intramedullary nail. 
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FIG. 15 is a side vieW of the humerus With the cutting 
guide mounted on the intramedullary nail. 
DESCRIPTION OF THE INVENTION 
As embodied and broadly described herein, the present 
invention is directed to novel apparatus and methods for 
total elboW arthroplasty. The apparatus and methods of the 
present invention are useful in the treatment of elboW 
osteoarthritis in canines, as Well as in other species, includ 
ing other quadrupeds and humans. 
As Will be understood by those skilled in the art, the 
following terms as used herein have the folloWing meanings: 
median plane—a plane Which longitudinally divides the 
animal or object into equal right and left halves; the 
term may also be used to refer to dividing a limb along 
its axis. 
cranial—toWard or relatively closer to the head. 
caudal—toWard or relatively closer to the tail. 
dorsal—toWard or relatively closer to the back (top) of the 
head, neck, trunk, or tail. 
ventral—toWard or relatively closer to the underside of 
the head, neck, trunk, or tail. 
medial—toWard or relatively closer to the median plane. 
lateral—aWay from or relatively further from the median 
plane. 
proximal—When used in reference to the limbs it implies 
a position near or relatively closer to the trunk. 
distal—When used in reference to the limbs it implies a 
position aWay from or relatively further from the trunk. 
original—refers to the normal or physiologic state of the 
structure referenced. For example, the phrase “original 
angle” When used in reference to the angle betWeen 
portions of the same bone, or betWeen tWo different 
bones, refers to the normal, physiologic angle or angu 
lar relationship betWeen the portions or bones referred 
to, in the particular individual or species referenced. 
The total elboW implants of the present invention include 
a humeral component, a radial component and a ball com 
ponent. The components used in the present invention alloW 
for nonconstrained articulation in a ball and socket joint 
mode. This articulation betWeen the components and the 
manner in Which the components are implanted provide a 
number of advantages over prior designs. 
Humeral Component 
FIGS. 1—4 depict the humeral component of a preferred 
embodiment of the elboW implant of the present invention. 
The humeral component, Which provides the socket portion 
of the ball and socket joint described herein, is designed to 
be implanted in the humerus, as described beloW. In the 
?gures, like reference numerals refer to like elements or 
features so that a further description thereof is omitted. FIG. 
1 is an oblique perspective vieW of humeral component 1. 
FIG. 2 is a cranial vieW of humeral component 1. FIG. 3 is 
a lateral vieW of humeral component 1. FIG. 4 is a bottom 
vieW of humeral component 1. 
Referring to FIGS. 1—4, humeral component I comprises 
a humeral stem portion 11 and a humeral body or condylar 
portion 10. Humeral condylar portion 10 comprises a proxi 
mal portion 16 at its proximal end, and an articulating 
surface 14 and tWo sides (?anges) 13a and 13b at its distal 
end. As detailed further beloW, stem portion 11 is preferably 
positioned With respect to condylar portion 10 such that it 
lies at an angle that matches the relationship betWeen the 
original humeral condyles and the humeral shaft. 
Concave articulating surface 14 is disposed on the cran 
iodistal aspect of the distal end of condylar portion 10, 
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midWay betWeen tWo sides (?anges) 13a and 13b. Articu 
lating surface 14 is isometric and comprises a spherically 
concave surface 14a designed for engagement With ball 
component 3; it serves as the socket for a ball and socket 
joint. As can best be seen in FIG. 1, humeral component 1 
of the preferred embodiment is entirely isometric, and can be 
used in either joint. 
The longitudinal axis of humeral stem portion 11 is 
disposed so that it is angled cranially 0 to 20 degrees, more 
preferably, 5 to 10 degrees, and most preferably, 5 degrees 
With respect to the longitudinal axis of proximal portion 16 
of condylar portion 10. Although the angle may be varied so 
long as it approximates the relationship betWeen the original 
humeral condyles and the humeral shaft, in a preferred 
embodiment, the longitudinal axis of stem portion 11 is 
angled cranially approximately 5 degrees With respect to the 
longitudinal axis of proximal portion 16 of condylar portion 
10, Thus, as can be seen in FIG. 3, the proximal end of stem 
portion 11 is more cranial than its distal attachment to 
proximal portion 16. 
In a preferred embodiment, stem portion 11 is cylindrical 
in cross-section and is rounded at its most proximal end. 
Optionally, grooves 11a may be placed along the longitu 
dinal axis of stem portion 11 to facilitate cementing of the 
component into position. Grooves 11a increase the cement 
implant surface area, thereby reducing stress proportionally. 
Grooves 11a preferably have a reverse Wedge or dovetail 
design, as depicted in FIG. 4a. 
Proximal portion 16 of condylar portion 10 preferably has 
a greater cross-sectional area than stem portion 11, thereby 
forming a shoulder 9 at the junction Where stem portion 11 
is attached to proximal portion 16. 
As can be best appreciated in FIGS. 3 and 4, sides 13a and 
13b are preferably planar surfaces Which are each angled 
toWards the median plane of the implant, so that they are 
farther apart cranially than they are caudally, thereby match 
ing the cut surfaces of the bone. Speci?cally, sides 13a and 
13b may be angled 10 to 25 degrees, more preferably, 16 to 
20 degrees, and most preferably, approximately 181/2 degrees 
toWards the median plane of the implant, so that they are 
farther apart cranially than they are caudally. Arcuate 
grooves 12 may be disposed in sides 13a and 13b and may 
have a reverse Wedge or dovetail design to increase the 
cement-implant surface area and facilitate the interlocking 
of cement into the implant. Sides 13a and 13b are preferably 
round or arcuate around their caudal peripheries. 
The outside dimensions of humeral component 1 are 
similar or preferably identical to the humeral component 
described in US. patent application Ser. No. 09/207,689 
?led Dec. 9, 1998, incorporated herein by reference. The 
body or condylar portion 10 of the humeral component 
replaces abnormal bone and cartilage that has been removed 
from the patient’s humeral condyle. The stem or stem 
portion is inserted into the medullary canal of the humerus. 
As in the humeral component described in US. patent 
application Ser. No. 09/207,689, the outside dimensions of 
the humeral component can be altered or modi?ed for use in 
different siZed patients and can be altered to be stabiliZed 
With either cement or porous ingroWth ?xation. 
In one preferred embodiment, a depression or groove may 
be provided in the caudal aspect of the distal end of condylar 
portion 10 of humeral component 1 to receive the anconeal 
process of the ulna. This feature alloWs the surgeon, if 
indicated, to preserve the bone of the ulna. 
The curvature and pro?le of concave articulating surface 
14 matches the curvature and pro?le of ball component 3, 
thereby alloWing for smooth articulation. The radius of 
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curvature of surface 14 may be modi?ed depending upon the 
size of the implants, the thickness of component material 
(polyethylene, ceramic, metal) desired, or to simply match 
the radius of convex ball component 3 mounted on radial 
component 2. Humeral component 1 can be designed such 
that the body has variable siZes (small, medium, large), yet 
concave articular surface 14 remains the same. This alloWs 
for the system to be modular; the surgeon can pick and 
choose components based on patient siZe and ligament 
structure. All designs are compatible because the radius of 
curvature of the ball component is designed to match/ 
articulate With the radius of curvature of the articular surface 
of all siZes of the humeral component. 
Radial Component 
FIGS. 5—8 depict the radial component of a preferred 
embodiment of the present invention. FIG. 5 is an oblique 
perspective vieW of radial component 2. FIG. 6 is a cranial 
vieW of radial component 2. FIG. 7 is a lateral vieW of radial 
component 2. FIG. 8 is a bottom vieW of radial component 
2. 
Referring to FIGS. 5—8, radial component 2 comprises a 
radial stem 21, body 20 and neck 22. Radial body 20 has a 
proximal end or proximal face 20a and a distal end or distal 
face 20b. Radial neck 22 is disposed on the proximal aspect 
or face 20a of radial body 20 and is blended into radial body 
20. Radial stem 21 is disposed on the distal face 20b of radial 
body 20 and is blended into radial body 20. 
As discussed beloW, in order to implant radial component 
2, the radial head is preferably removed and the stem of the 
radial component is implanted in the medullary canal of the 
radius. Radial body 20 of radial component 2 is designed to 
rest on the surface of the cut bone of the radius. Alternately, 
the abnormal bone and cartilage of both the radial head and 
ulna may be removed as described in US. patent application 
Ser. No. 09/207,689. In either event, body 20 does not rest 
on the cut bone of the ulna, nor does it interfere With the 
ulna. This feature alloWs normal motion betWeen the radius 
and ulna to occur and preserves supination and pronation 
betWeen the radius and ulna. 
Radial body 20 is blended into radial neck 22 that angles 
toWards the center of rotation of the original elboW joint. The 
neck is tapered (base 22a is Wider than tip 22b); this Will 
alloW for a press ?t ?xation With ball component 3, Which 
has no taper in its cylindrical hole. The dimensions of the 
radial component may be slightly modi?ed for cement or 
porous ingroWth ?xation, different siZed patients, different 
materials, or to match the humeral component. Radial com 
ponent 2 may be designed such that the stem and body are 
of variable siZes (small, medium, large), yet the neck siZe 
remains the same. This Will alloW for the system to be 
modular; the surgeon can pick and choose components 
based on patient siZe and ligament structure and all designs 
Will still match since the ball component Will still match/ 
articulate With the concave surface 14a of all siZes of the 
humeral components. Radial component 2 is isometric. 
Radial stem 21 is designed to be inserted into the med 
ullary canal of the radius and is disposed so that it comes off 
of the middle of the body of the radial component at an angle 
that is similar or preferably identical to the radioulnar 
component as described in US. patent application Ser. No. 
09/207,689. Radial stem 21 may be angled medially 74 to 84 
degrees, and most preferably, is angled medially 79 degrees 
With respect to the sagittal midline of distal face 20b of 
radial body 20, so as to approximate the original angle 
betWeen the original radial head and radial shaft. 
As shoWn in the preferred embodiment depicted in FIGS. 
5—8, vieWed from the side, radial stem 21 preferably comes 
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off the middle of distal face 20b of body 20, and is disposed 
at an angle that matches or approximates the relationship 
betWeen the original radial head and radial shaft. 
Speci?cally, When vieWed in a craniocaudal direction, radial 
stem 21 is preferably angled medially With respect to the 
sagittal midline of distal face 20b of radial body 20, forming 
an angle of approximately 79 degrees betWeen the longitu 
dinal axis of radial stem portion 21 and distal face 20b. Thus, 
With respect to the sagittal midline of radial body 20, the 
distal end of radial stem 21 is more medial than its proximal 
end (i.e., its point of attachment to distal face 20b of body 
20), and the proximal end of radial stem 21 is more lateral 
than the distal end of radial stem 21. In this position, the 
longitudinal axis of radial stem 21 is also angled about 11 
degrees With respect to both the longitudinal axis of radial 
neck 22 and a line draWn perpendicular to distal face 20b. 
As Will be clear to those of skill in the art, the radial 
component is isometric, and can be ?ipped over as needed 
to orient it for use in either the right or left elboW. Preferably, 
radial stem 21 has a rectangular cross-section With rounded 
edges and is also rounded at its distal extremity. The stem is 
preferably cemented in place to help stabiliZe the compo 
nent. 
Ball Component 
Ball component 3 is designed to be mounted on the neck 
of the radius. A ball component according to a preferred 
embodiment of the present invention is depicted in FIGS. 
9—10. FIG. 9 is a cranial vieW of ball component 3. FIG. 10 
is a bottom vieW of ball component 3. 
Referring to FIGS. 9—10, ball component 3 is spherical on 
the outside and has a radius of curvature that matches the 
inside dimensions or radius of curvature of articulating 
surface 14 of humeral component 1. Ball component 3 has 
a hole or cavity 30 Which is preferably cylindrical With no 
taper. Hole 30 is designed to mate With neck 22 of radial 
component 2. For example, in one preferred embodiment, 
the cylindrical hole matches the radius of the neck of the 
radial component about 1 centimeter from the tip of the 
neck. As a result, When radial neck 22 is inserted, ball 
component 3 is stabiliZed by a press ?t mechanism. The 
cylindrical hole in the ball may have different diameters. 
Thus, a ball With a cylinder of increased Width Will sit deeper 
on the neck of the radial component. LikeWise, one With a 
narroWer Width Will not sit as deep. This alloWs the surgeon 
to try different combinations and choose the ball and radial 
component combination that applies the appropriate amount 
of tension on the ligaments about the elboW joint. The ball 
may be made from any suitable material, including, but not 
limited to, metal or ceramic. The ball component may be 
modi?ed in a similar manner as the other components. 
FIGS. 11a—a' depict the humeral, radial and ball compo 
nents according to a preferred embodiment in engagement 
With each other. HoWever, variations of the preferred design 
may be used Without departing from the spirit and scope of 
the invention. For example, although ball component 3 is 
preferably spherical, it may alternately be formed so that 
only the portion that actually articulates With spherically 
concave surface 14a of the humeral component (i.e., the 
spherical articular surface of ball component 3) is spherical. 
In addition, although in a preferred embodiment the radial 
component has a neck portion for engagement With a cavity 
in the ball component, other con?gurations are possible. For 
example, the radial component may have an engagement 
portion comprising a cavity designed to mate With a neck 
portion disposed on the ball component. Alternately, the ball 
and radial component may be manufactured as a single 
integral piece, With or Without a visible neck or delineation 
betWeen them. 
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In a preferred embodiment, radial component 2 is 
machined from stainless steel 316L, Grade 5 titanium, or 
molded from a cobalt-chromium alloy. The radial compo 
nent may be altered for composite stabilization by surface 
treatment of the component Where it is in direct contact With 
bone. Humeral component 1 may be made of any suitable 
material, but is preferably made of medical grade 
crosslinked or non-crosslinked ultra-high molecular Weight 
polyethylene (“UHMWPE”). Other suitable materials for 
the components may be used, including titanium, cobalt 
chromium or ceramic. Ball component 3 is preferably made 
of metal or ceramic. Implants may be either hand machined 
and polished, or molded. 
In the preferred embodiment, the implant system alloWs 
for approximately 127 degrees of ?exion-extension, 90 
degrees of mediolateral rotation and unlimited pronation and 
supination. 
Dogs With elboW OA generally Weigh betWeen 60—90 lbs. 
HoWever, the implants may be manufactured in various 
siZes, such as small, medium or large, alloWing use of the 
invention in dogs With a range of body Weights, such as 
approximately 40—120 lbs. As discussed, preferably the 
articular portions and engagement portions of the compo 
nents are designed so that the different siZes are compatible 
With each other. 
Humeral Cutting Guide 
As discussed in more detail in the Examples Which folloW, 
implantation of the joint of the present invention is facili 
tated using the humeral cutting guide described herein and 
also in US. patent application Ser. No. 09/207,689, incor 
porated herein by reference. Preferred embodiments of the 
guide are depicted in FIGS. 12—15. 
FIGS. 12—15 depict the humeral cutting guide of the 
present invention and its use. FIG. 12 is a caudal vieW of a 
left canine humerus 31 With intramedullary nail 36 inserted. 
As depicted in FIG. 12, humerus 31 has a condyle 32 at its 
distal end. The trochlea 33 of humerus 31 is the articular 
surface of the humerus. This is a potential location of 
arthritic cartilage in an arthritic elboW joint, and needs to be 
removed in connection With installing humeral component 1 
of the present invention. The medial collateral ligament 
attaches to the medial aspect of the humerus at point of 
insertion 35, and the lateral collateral ligament attaches to 
the lateral aspect of the humerus at point of insertion 34. 
FIG. 13 is a caudal vieW of humerus 31 With cutting guide 
37 mounted on intramedullary nail 36. FIG. 14 is a dorso 
caudal vieW of humerus 31 With cutting guide 37 mounted 
on intramedullary nail 36. FIG. 15 is a side vieW of humerus 
31 With cutting guide 37 mounted on intramedullary nail 36. 
As depicted in FIGS. 13—15, humeral cutting guide 37 has 
proximal or upper portion or plate 43 attached to distal or 
loWer articular portion or plate 44. Upper or proximal 
portion 43 and loWer or distal portion 44 are preferably 
planar and disposed roughly perpendicular to each other. In 
a preferred embodiment, loWer portion 44 is Wedge shaped 
at the end opposite the end Which is attached to upper 
portion 43. Humeral cutting guide 37 is designed to be 
mounted on intramedullary nail 36 Which is placed from the 
middle of the humeral trochlea 33 into the medullary canal 
of the humerus. Intramedullary nail 36 alloWs for mounting 
of cutting guide 37 on the neutral axis of the humerus. 
Intramedullary nail 36 preferably has a trochar tip 45 Which 
alloWs for easy passage into the medullary canal. Nail 36 
also preferably has ?attened sides 46 to facilitate immobi 
liZation and prevent undue rotation When screWs 39 in 
cutting guide 37 are tightened. 
Referring again to FIGS. 13—15, humeral cutting guide 37 
has intramedullary nail pilot hole 38 through loWer portion 
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44. Intramedullary nail 36 is placed through nail pilot hole 
38 in order to mount cutting guide 37 onto the humerus 31. 
To further secure cutting guide 37, screWs 39 are disposed on 
loWer portion 44 of cutting guide 37 through screW holes 48. 
ScreWs 39 are tightened into nail 36 to prevent rotation of 
cutting guide 37. Cutting guide 37 further has a pin pilot hole 
40 in loWer portion 44, through Which pin 50 may be drilled 
to further prevent rotation of cutting guide 37. 
Cutting guide slots 41a and 41b are disposed on upper 
portion 43 of cutting guide 37, and are located medial to the 
points of insertion 34 and 35 of the collateral ligaments of 
the humerus. Cutting guide slots 41a and 41b are parallel to 
each other and to cutting guide bar 42, Which is disposed on 
the loWer portion of cutting guide 37 to guide the saW used 
to prepare the humerus for the implants. 
A saW, such as a reciprocating saW, is placed through 
cutting guide slots 41a and 41b to the level of cutting guide 
bar 42. The tip of the saW rests on bar 42 as cuts are made. 
This places the saW in the appropriate angle so that all 
articular cartilage on the trochlea of the humerus can be 
removed. Cutting slots 41a and 41b are located medial to the 
insertion points 34 and 35 of the collateral ligaments and the 
saW cuts are made aWay from the ligaments, Which helps to 
ensure natural ligament stability of the joint after surgery. 
Speci?cally, cuts are made in the humerus using the tWo 
slots 41a and 41b of the guide. The amount of bone removed 
and the angles created in the condyle match the angles on 
sides 13a and 13b of humeral component 1. 
When installed, the sides of humeral component 1 Will 
nearly approximate the cut edge of the humeral condyle. 
Any discrepancy may be ?lled in With bone cement. Sides 
13a and 13b of humeral component 1 are just beloW the level 
of the remaining condyle, alloWing for full range of motion 
Without impingement on bone. Radial component 2 rests on 
the cut surface of the radius. The articulation surface of the 
component is similar to the natural, original curvature of the 
intact radius. 
As Will be clear to those of skill in the art, the present 
invention can be modi?ed for use in humans and other 
species. The cutting guide for the humerus depicted in FIGS. 
12—15 is isometric and may be used to prepare the left or 
right elboW. The cutting guide may be made from any 
suitable material, such as stainless steel. In the preferred 
embodiment, it is made from 316 L stainless steel. The steel 
is preferably hand machined and polished to form the cutting 
guides and then heat treated for hardening. 
The design of the present invention provides a number of 
advantages over other designs, including: 
1. The design alloWs for a modular, more versatile system. 
The surgeon can mix and match component siZes 
intra-operatively for each case. 
For example, a small humeral component may be used 
With a large radial component. This could be bene?cial in a 
situation in Which a surgeon removed too much bone from 
the radius and ulna. If a small radial component is used in 
the joint, the ligaments around the joint Would be loose. The 
problem may be corrected by simply using a larger radial 
component because its body has a thicker base. Because the 
invention is modular, the humeral component does not have 
to be increased. This avoids potential problems Which could 
result from the increased Width of the larger humeral com 
ponent. 
2. The design alloWs for motion betWeen the radius and 
ulna (preserves supination and pronation of the 
antebrachium). 
3. The surgical technique for implantation of the compo 
nents is simpler. 





